Abstract. Annual loss of Asiatic pennywort production is primarily due to lepidopterous larvae. The pennywort cutworm (Zonoplusia ochreata) is one of the most destructive leaf feeders of pennywort. Most Thai growers prefer chemical controls to prevent production loss. Bioinsecticide is an alternative to synthetic insecticides. Some organic growers used Bacillus thuringiensis and neem extract for lepidopterous control in pennywort farms. We should understand how diversity of target and non-targeted species in the areas is impacted by different control management. Therefore, four preventative treatments were trialed: natural control in organic farming, Bacillus thuringiensis, neem extract and abamectin, to evaluate their effect on the biodiversity of insects in Chainat, Nonthaburi and Bangkok provinces, all located in the central region of Thailand. After 8 weekly spray applications, the insects were collected using the sweep sampling method. A total of 561 insects were identified belonging to 38 different species, including 34 predator species, and 29 parasitoid species. The effect of different treatments on the species diversity index and evenness index was calculated. Shannon's species diversity index (H') was higher in the natural control area (2.74) compared to areas treated with Bt (2.09), neem extract (1.90) and abamectin pesticide (1.88). The evenness index showed a similar trend; natural control (0.82), Bt (0.57), neem extract (0.62) and abamectin (0.55). The results support the hypotheses that organic farming promote insect diversity. Environmentally insect control approaches enhance biodiversity and ecological service in farmland.
Introduction
The Asiatic pennywort (Centella asiatica) is a ground creeping plant belonging to the genus Centella of the Apiaceae family (De Padua and Bunyapraphatsara, 1999), and is a common medicinal herb (Yadav et al., 2012; Yasmeen et al., 2011) . In the 1990s, 60% of Thailand's exports were agricultural products. Twelve kinds of vegetables were exported to the European market including Asiatic pennywort which was found to contain excessive chemical residues, due to inappropriate and excessive use of pesticides for controlling insects (Devarrewaerre, 1995; FAO, 1998) . The main issue of pennywort production for local consumption and for export is insect infestation resulting in decreased productivity (Pathak and Khan, 1994) . There are many studies which suggest chemical usage for pest control can risk pest resurgence and decreased diversity (Montanez and Amarillo, 2014) . Organic farming systems rely on ecological services and natural balance to provide agricultural sustainability. Organic agriculture is mainly defined as the ban of chemical pesticides, chemical fertilizers, growth hormones, antibiotics, and genetically modified organisms. Furthermore, habitat management is recommended to increase biodiversity and especially the abundance and diversity of http://www.aloki.hu • (Marvier et al., 2007) . Lawo et al. (2009) reported that transgenic Bt cotton will alter the arthropod community directly by reducing the abundance of Helicoverpa spp. and some other lepidopteran species. Bt cotton may also have indirect, effects on the abundance of predators and parasitoids that specialize on larvae of Helicoverpa spp. or other lepidopteran species controlled by Bt. Neem products can use for lepidopterous larva control (Ukeh et al., 2007) . Its bioactivity includes antifeedant, insecticidal activity and disruption to growth and development of insects (Senthil-Nathan, 2013). Both Bt and neem extract has long been recognized as environmental friendly biopesticides. Many synthetic insecticides are available on the market but growers generally prefer abamectin mostly for insect control in Asiatic pennywort growing areas (Ngernyu and Bumroongsook, 2012) . However, organic Asiatic pennywort farming rely on biological control agents which are currently implemented to resolve the chemical contamination problems of export vegetables.
Therefore, we need to assess the impact of various methods for controlling leaf eating caterpillars of Asiatic pennywort using different insecticides as compared to natural control in organic farming on insect diversity. The diversity and evenness index approaches is used to evaluate whether these treatments are suitable as eco-friendly products for organic farming.
Materials and methods

Study area
The studies were conducted from April to July 2016 in Chainat, Nonthaburi and Bangkok provinces, all located in the central region of Thailand (Fig. 1) . These three provinces received 82.5-456.5 mm of rainfall in 2015-2016. During the sampling period, mean temperatures ranged from 30.2°C to 34.9°C while, the average relative humidity varied from 54.6-75.5%.
Chainat: located at Sankhaburi, a district in the south of Chainat province (Lat. 15° 11'N: Long. 100° 7' E), surrounded by rice fields. The study area was three hectares. http Nonthaburi: located at Sai Noi, in the north west of Nonthaburi province (Lat. 13° 47' N: 100° 15' E) with small irrigation canals situated in an Asiatic pennywort plantation; one side bordered by the local road and the other side by a rice field.
Bangkok: located at Ladkrabang, to the east of Bangkok (Lat. 13° 43' N: Long. 100° 47' E), both sides connected to small irrigation canals and surrounded by a vegetable crop plantation.
Figure 1. The map showing the three study location of Asiatic pennywort farms
Treatment application
One-month old Asiatic pennywort with almost uniform growth were selected for treatment. The experiment comprised Asiatic pennywort farmed using natural control in organic farming methods (T1); neem extract at 300 ml per 20 L water (T2); Bacillus thuringiensis var. aizawai at 80 ml per 20 L water (T3); and abamectin 1.8% w/v 80 ml per 20 L water (T4). The insecticides were sprayed weekly onto the leaves of Asiatic pennywort for 8 weeks.
Insect Sampling of Asiatic pennywort farms
At each site, insect sampling was conducted between 9-11 am in April to July 2016. The insects were collected using the sweep sampling method described by Gadagakar et al. (1990) . Nets made of thick cotton cloth were used with a diameter of 30 cm at the mouth and a bag length of 60 cm. The sampling method was to sweep on and around 
Data analysis
Study area diversity was calculated based on species diversity using the Shannon diversity index (Shannon, 1948 ; Eq. 1):
where H is the Shannon diversity index, P i is the proportion of individuals found in species i, s is the total number of species. We also adopt a Simpson index of diversity which is widely used for measurement of biodiversity (Simpson, 1949 ; Eq. 2):
where 1-D is the Simpson index of diversity, n = the total number of organisms of a particular species, N = the total number of organisms of all species. The evenness index was calculated using Pielou's formula (Pielou, 1966 ; Eq. 3):
where E is the evenness index, H is the Shannon diversity index, S is the total number of species.
Results
Differences among predators, parasitoids and insect pest communities in the Asiatic pennywort farms
A total of 561 insects belonging to 38 different species, including 34 predator species, 29 parasitoid species and 498 insect pest species were collected using the sweep sampling method. The effect of different treatments on the species diversity index and evenness index was higher in the natural control compared to Bt (2.09, 0.62), neem extract (1.90, 0.57) and abamectin pesticide (1.88, 0.55) (Table 1, Fig. 2) . The Shannon's species diversity index (H') showed a negative effect of abamectin treatment compared with the natural control of organic farming in three Asiatic pennywort plantations. There was no discernible effect of Bt and neem treatment on Shannon's species diversity index (H'). Shannon's species evenness index (E) was higher in organic farming compared to the abamectin treatment. The Bt and neem extract had little impact on the diversity of predator, parasitoid and insect pests. The results for predator, parasitoid and insect pest species diversity and evenness were similar for all insect species, which confirms that insecticide treatment has a considerable negative effect on Shannon's species diversity and evenness. The results showed a significant effect on mean abundance and species richness, with higher values in organic farming, but no effect on diversity (H') or evenness (E'). The mean abundance of the predator, parasitoid and insect pests per sweeping net was significantly lower in the abamectin treatment compared to the organic farming, Bt and neem treatments ( Table 1) . 
Figure 2. Shanon diversity index (H) and evenness (E) for the natural control in organic farming, Bt, neem extract and abamectin of Asiatic pennywort farms
Composition of pest insect communities
The main predators found in organic farming, Bt, neem extract and abamectin on Asiatic pennywort are shown in Table 2 . A total of 498 pest insects were counted in Asiatic pennywort (218 in organic farming, 118 in Bt, 111 in neem extract and 51 in abamectin). Different insect pests were recorded on the organic, neem, Bt and abamectin treatment. The dominant groups of insect found in the Asiatic pennywort were Cicadellidae, Agromyzidae, Thripidae and Noctuidae. In the organic farms, a significantly higher abundance of insect was observed in comparison to the Bt, neem, and abamectin treatment namely, Agromyzidae (p < 0.001), Chrysomelidae (p < 0.001), Thripidae (p < 0.001), Cicadellidae (p < 0.001), Noctuidae (p < 0.001), Arctiidae (p < 0.001) and Agromyzidae (p < 0.001). The following were significantly more abundant in Bt and neem than in organic namely, Delphacidae (p ≤ 0.001), Acrididae (p ≤ 0.001), Aphididae (p ≤ 0.001), Chrysomelidae (p ≤ 0.001), Tetrigidae (p ≤ 0.001), Cecidomyiidae (p ≤ 0.001) and Tridactylidae (p ≤ 0.001). Generally, the phytophagous Lepidopteran of pennywort in organic farms were Zonoplusia ochreata, Diasemia accalis, and Spodoptera exigua (Fig. 3) . Table 3 lists the main predators in Asiatic pennywort farms. In detail, a total of 34 predator specimens (18 in organic farming, 8 in Bt, 7 in neem and 1 in abamectin treatment) were recorded on Asiatic pennywort. At the farms treated with abamectin compared to the organic farming, Bt, and neem extract, a minimal abundance of total predators was detected. Chrysomelidae (p < 0.005), and Coccinellidae (p < 0.001) were significantly more abundant in organic farming than in Bt, neem extract and abamectin treatment. None of these predators were found to attack the larvae of Lepidopteran pests in the field. http://www.aloki.hu • 
Composition of predator communities
Composition of parasitoid communities
There were 14 parasitoids collected in Asiatic pennywort treated with organic farming, 10 collected from Bt treated areas, 5 collected from neem extract treated areas and none found in the abamectin treated areas ( Table 4 ). The number of parasitoids were significantly higher in organic farms compared to Bt, neem extract and abamectin namely, Cotesia flavipes (p < 0.001) and Chelonus sp. (p < 0.007). Yet, the two parasitoids Euplectrus sp. nr. bicolor (p < 0.001) and Cotesia sp. (p < 0.003) were significantly more abundant in Bt and neem extract than in organic farms. Euplectrus sp. nr. bicolor is a larval ectoparasitoid of pennywort cutworm, Zonoplusia ochreata. 
Discussion
The loss of biodiversity is related with more extensive agricultural areas (Froidevaux et al., 2017) . Organic farming is used to alleviate the problems associated with biodiversity conservation in intensive agricultural practices. Our study showed a greater level of insect diversity (predator, parasitoid, and insect pest) in organic farms compared with conventional methods (Bt, neem extract, and abamectin) of Asiatic pennywort plantations. Organic crops increase the taxonomic richness and abundance of insects, therefore it conserves biodiversity (Montanez and Amarillo-Suárez, 2014 Both Bt and neem extract treatment affect diversity indices. Lu et al. (2014) showed that there was no the consistent difference in abundance, diversity and species richness of beneficial arthropods in Bt spray and conventional cotton communities. Our studies showed neem extract has better insect control than Bt. Neem extract has insecticidal activity to a wide range of insects (George et al., 2014) . Resende et al. (2016) indicated that the richness and diversity of insects depend on location and insecticide spray. Various control practices used in modern agriculture are related to the decline of biodiversity in production areas. To restore biodiversity is to implement crop production using biodiversity-based ecosystem services (Geiger, 2010) 
Conclusions
This research is addressing various scales of lepidopterous management based on diversity measures. Diversity indices provide useful information for ecological structure, but they do not include species interaction. The sweep sampling could not detect all the insects in the areas and effect on the diversity index estimation. This is the first report on a survey of insect pests and natural enemies found in pennywort farming in Thailand. In the study it is proven that organic farming of Asiatic pennywort helps to conserve predators and parasites and enhances the ecology balance and insect diversity. A broad spectrum insecticide like abamectin had the greatest impact on biodiversity and abundance of insects. Bt and neem oil are more selective organic insecticides and had effect on predator and parasite diversity. However, critical questions remain including importance of parasitoid species and their relative abundance as a biological control agent. The impact of parasitoids on lepidopterous larvae should be investigated to develop alternatives for better control tactics in organic farming practice.
